Objective: To identify factors associated with interruption or early discontinuation of treatment in patients receiving radiotherapy for head and neck cancer, because it is believed that such treatment interruption or early discontinuation increases the risk of disease relapse and adversely influences survival.
H EAD AND NECK CANCERS
are a complex group of tumors that involve the ethmoid sinus, maxillary sinus, lip, oral cavity, nasopharynx, oropharynx, hypopharynx, supraglottic larynx, and glottic larynx. 1 Radiotherapy alone or as an adjuvant to surgery and/or chemotherapy has been shown to be curative in patients with local or regional head and neck cancers. [2] [3] [4] Clinical evidence suggests that the radiation dose and duration of treatment is correlated with tumor control and survival. [5] [6] [7] Breaks in radiotherapy have been associated with inferior tumor control in the larynx, pharynx, and oral cavity. 8, 9 Common causes for treatment discontinuation and complications include mucositis, xerostomia, dysphagia, and aspiration. [10] [11] [12] Although radiotherapy can be an important part of treatment for head and neck cancer, to our knowledge, the incidence of incomplete and/or interrupted radiotherapy, as well as factors that put patients at risk of not completing therapy, has not been studied in a large, population-based sample. To determine the extent to which patients with head and neck cancer discontinue or experience interruptions in radiotherapy, we evaluated patterns of radiotherapy among Medicare enrollees 66 years or older who were diagnosed as having local or regional head and neck cancer. We also estimated the associations between several clinical and demographic variables and early discontinuation and/or interruptions in radiotherapy.
METHODS

DATABASES AND STUDY POPULATION
Patients with head and neck cancer were identified from the Surveillance, Epidemiology, and End Results (SEER)-Medicare database, which consists of linked records from the SEER cancer registries data and the Medicare enrollment and claims files. The SEER registry collects demographic information, tumor-specific clinical and pathologic infor-mation, the initial treatments received (within the first 4 months for cancers diagnosed through 1998, and within 1 year for cancers diagnosed from 1999 onward), and subsequent diagnosis of other primary cancers. 13 We included patients 66 years or older from the SEERMedicare database who were diagnosed as having local or regional head and neck cancer from January 1, 1997, through December 31, 2003, as denoted by SEER cancer coding and summary staging information. This analysis excluded patients with advanced disease, who are likely to receive palliative therapy involving nonuniform radiation doses. We excluded patients who received a diagnosis at 65 years of age, because most of these were not enrolled in Medicare in the 12 months before the diagnosis and thus did not have 12 months of prediagnosis claims available to compute a comorbidity score. We excluded patients who did not have Medicare part B insurance or who were enrolled in a health maintenance organization in the year before and after diagnosis because their complete claims histories were not available. Finally, we included only patients whose head and neck cancer diagnosis was the first primary cancer recorded in the SEER registry, with the exception of nonmelanoma skin cancers, to increase the probability that treatment patterns recorded in the Medicare claims data were designated for head and neck cancer.
RADIOTHERAPY DATA
Data on radiotherapy were extracted from the Medicare National Claims History or the Carrier File and outpatient Statistical Analysis File using the Current Procedural Terminology, 4th Edition codes listed in Table 1 .
Radiotherapy may be recorded in either of the following 2 ways: as an element of a claim representing a single date of service, or as part of bundled claims records in which treatments are entered as a single claim spanning multiple days. To identify patients who received radiotherapy, we searched patient claims records for radiotherapy treatment delivery (RTD) codes that occurred within 6 months after the date of diagnosis of head and neck cancer as recorded in the SEER registry. Patients having at least 1 claim for radiotherapy within the 6-month interval were identified as having received radiotherapy. We followed each patient's Medicare claims for 60 days after their final radiotherapy treatment to determine whether the patient had chemotherapy and/or had undergone surgery in addition to radiotherapy. Patients with no radiotherapy claims within 6 months after diagnosis were excluded from all analyses.
RADIOTHERAPY DATA ALGORITHMS
Medicare administrative claims records of radiotherapy treatment are subject to errors and inaccuracies.
14 To reduce the possibility of labeling administrative coding errors as disruptions in therapy, we developed a 2-step algorithm to exclude patients with a high probability of having errors in the Medicare claims.
First, we calculated the ratio of radiotherapy treatments recorded per RTD codes to the treatments recorded per radiation treatment management (RTM) codes. When used correctly, 1 RTM code, 77427, encompassed 5 treatments. Thus, a patient will have an apparent excess of treatments if RTM codes are recorded for individual treatments. We compared the total number of treatments for each patient according to RTD codes vs RTM codes to identify such errors. Patients with a ratio of at least 2.5 treatments to each RTM code met the first criterion for exclusion.
The second exclusion criterion was based on identifying patients with too few treatments recorded within the treatment period. Among patients meeting the first exclusion criterion, we identified and excluded patients with extreme values (ie, the highest 2.5%) for the ratio of the total number of treatment days to the total number of treatments per RTD code; thus, a ratio of 2.0 indicates 1 treatment every 2 days, on average. This ratio was less than 3.5 for 97.5% of all patients; the remaining 2.5% with ratios greater than 3.5 (n=121) were excluded.
REGRESSION ANALYSES
Completion of uninterrupted radiotherapy was the outcome of interest for the regression analyses. Medicare claims do not include details of radiation dosage; therefore, we used the number of treatments administered to determine whether a patient completed therapy. We defined a complete course of radiotherapy as follows: at least 30 radiotherapy treatments for patients who did not undergo surgery before completing radiotherapy, or at least 25 treatments for patients who underwent surgery before completing radiotherapy. Patients with fewer treatments were identified as not having completed radiotherapy. These cutoffs are set slightly below the number of treatments for a commonly prescribed course of radiotherapy for head and neck cancer (ie, 2 Gy administered 5 d/wk for 6.5-7.0 weeks for a total of 70 Gy and 35 treatments, as defined by Bourhis et al 15 ) to allow for variations in practice patterns and to avoid mislabeling shorter prescribed courses of therapy as incomplete radiotherapy. As reviewed by Zackrisson et al, 16 prescribed treatment lengths can vary from 25 to 45 treatments, and patientsreceivingsurgeryandradiotherapyoftenreceivefewertreatments than patients receiving radiotherapy alone. We defined treatment interruptions or gaps as lapses of more than 4 but less than 31 days between radiotherapy treatments. We included interruptions occurring at any point in each patient's first course of radiotherapy to allow for variations in prescribed therapy involving more than 25 or 30 treatments. Patients with longer gaps between treatments were identified as having a second course of treatment that was not considered in this analysis.
For patients whose therapy was recorded in discrete claims, we defined gaps as 5-to 30-day lapses between claims. However, a more complex approach was required for patients with multiple claims recorded in a single claim spanning several days or weeks. In these claims, we found that the service dates of the claim sometimes exceeded the number of treatments, with no indication of which dates radiotherapy was administered. In those instances, we assumed that the treatments occurred on consecutive days. We adjusted the service dates of claims with at least 5 fewer treatments than the number of service dates as follows:
1. The starting date of the first claim was changed to the last date of the claim−x weekdays, where x indicates the number of treatments.
2. The ending date of all other claims was changed to the first date of the claimϩx weekdays.
Patients who failed to complete the required number of radiotherapy treatments and/or who had gaps in treatment were identified as having failed to complete uninterrupted therapy. We used the 2 test to compare the frequency of completing uninterrupted therapy between surgical vs nonsurgical patients.
We used logistic regression models to estimate odds ratios and 95% confidence intervals (CIs) for the association between clinical and tumor characteristics and early discontinuation of and/or gaps in radiotherapy. We constructed separate models for each of the following 5 head and neck tumor sites: larynx, nasal cavity (including the nose and middle ear), oral cavity (consisting of the lips, tongue, floor of mouth, other oral cavity and pharynx, and gum and other mouth), pharynx (consisting of the oropharynx, nasopharynx, hypopharynx, and tonsils), and salivary gland. Each model included the following independent variables: surgery relative to the initiation of radiotherapy (Ͻ30 days, Ն30 days, or no surgery), tumor stage (local or regional), chemotherapy (yes or no), and comorbidity measured via the Charlson Comorbidity Index. This index provides a single measure (the Charlson score) of comorbidity based on 19 medical conditions, each weighted according to its association with mortality. 17, 18 All models were adjusted for categorical age, sex, race, and urban vs rural residence.
RESULTS
A total of 5086 patients met the inclusion criteria for this study. In all tables, cells with fewer than 5 patients were suppressedtoprotectpatientconfidentiality.Demographiccharacteristics and Charlson score stratified by tumor site are detailed in Table 2 . Compared with men, women were more likelytoreceivesurgerybeforeradiotherapy(41.8%vs50.3%). Early discontinuation and/or interruptions in therapy were less frequent in patients who underwent surgery before radiotherapy than in those who did not; 48.0% of nonsurgical patients had gaps in treatment and/or incomplete therapy compared with only 29.6% of surgical patients ( 2 =78.17; PϽ.001). Overall, 21.7% of patients had a Charlson score of 0 (ie, no comorbidities), and 30.2% of patients had a Charlson score of 3 or higher.
The site-specific frequency of SEER summary stage and treatment are detailed in Table 3 . The proportion of patients with regional cancer was smallest among those with Abbreviation: SEER, Surveillance, Epidemiology, and End Results. a Site categories are defined as follows: larynx, nasal cavity (includes nose and middle ear), oral cavity (consists of lips, tongue, floor of mouth, other oral cavity and pharynx, and gum and other mouth), pharynx (consists of the oropharynx, nasopharynx, hypopharynx, and tonsils), and salivary gland. Cells with fewer than 5 patients were suppressed to protect patient confidentiality. Unless otherwise indicated, data are expressed as number (percentage) of patients. Percentages have been rounded and may not total 100. laryngealtumors(39.6%)andgreatestamongthosewithpharyngeal tumors (83.8%). Overall, 14.8% of patients had chemotherapy in addition to radiotherapy, and 44.6% of patients underwent surgery before completing radiotherapy. Among surgical patients, 33.6% underwent surgery within 30 days before the initiation of radiotherapy or before the last radiotherapy treatment, and 63.3% underwent surgery 30 days or more before the initiation of radiotherapy. therapy in patients with regional and local tumors, stratified by surgery status. The stage-specific distributions were similar, and long lapses between the diagnosis and initiation of radiotherapy were more common among surgical patients. On average, surgical patients started radiotherapy 74.4 days after diagnosis, compared with 52.8 days for nonsurgical patients. As shown in Figure 2 , the total number of radiotherapy treatments received was similar between patients with local and regional tumors. In all patients combined, surgical patients had an average of 30.8 treatments, and nonsurgical patients had an average of 31.6 treatments. Table 4 lists the prevalence of interrupted and/or incomplete radiotherapy treatment for each tumor site, stratified by treatment received. Although the prevalence of interrupted and/or incomplete treatment varies across tumor sites, at all sites the prevalence was lowest among patients receiving surgery and radiotherapy.
The results of the logistic regression of patient characteristics associated with interruptions in planned radiotherapy are presented in Table 5 . Patients with oral cavity tumors who underwent surgery within 30 days before the initiation of radiotherapy were 2.43 (95% CI, 1.69-3.48) times more likely to complete planned therapy. Patients with oral cavity tumors and a Charlson score of 2 or higher were 29% (95% CI, 6%-45%) less likely to complete planned therapy compared with patients with a Charlson score of 0, and patients undergoing chemotherapy for oral cavity tumors were 40% (18%-56%) less likely to complete planned therapy compared with patients having no chemotherapy.
Patients with pharyngeal tumors who underwent surgery within 30 days before the initiation of radiotherapy Patients with laryngeal tumors who underwent surgery within 30 days before the initiation of radiotherapy were 2.91 (95% CI, 2.16-3.91) times more likely to complete planned therapy, and patients undergoing chemotherapy were 42% (95% CI, 21%-58%) less likely to complete planned therapy. Patients with local laryngeal tumors were 1.77 (95% CI, 1.44-2.17) times more likely to complete planned therapy compared with patients with regional tumors, and patients with a Charlson score of 2 or higher were 38% (95% CI, 17%-54%) less likely to complete planned therapy compared with patients with a Charlson score of 0.
Surgery was the only significant factor associated with completing planned therapy in patients with nasal or salivary gland tumors. Patients with nasal cavity tumors who underwent surgery 30 days or more before the initiation of radiotherapy were 3.59 (95% CI, 1.94-6.65) times more likely to complete planned therapy than were patients who did not undergo surgery. Patients with salivary gland tumors who underwent surgery within 30 days of the initiation of radiation were 7.16 (95% CI, 3.22-15.94) times more likely to complete planned therapy compared with patients not undergoing surgery.
COMMENT
We analyzed patterns of radiotherapy administered for head and neck cancer using population-based SEERMedicare claims data to determine factors associated with discontinuation and/or interruptions in therapy. We found that surgical patients are more likely to complete uninterrupted therapy than are patients who receive radiotherapy alone or in combination with chemotherapy. Surgical patients may be more likely to complete radiotherapy for several reasons. First, characteristics that make patients good candidates for surgery may also make them more likely to complete radiotherapy. Because comorbidities are known to decrease survival in patients with head and neck cancer, 19 healthier patients may be chosen by surgeons to complete more rigorous treatments (eg, surgery in addition to radiotherapy). Although our analyses were adjusted for comorbidity, residual confounding by unmeasured factors such as social support and general health status could explain why patients who receive surgery are more likely to complete radiotherapy. In addition, patients who are willing to undergo major surgery to treat their disease may also be more motivated to complete a full course of uninterrupted radiation therapy, despite any toxic effects of treatment that may occur.
Patients with oral, pharyngeal, and laryngeal tumors who received chemotherapy concurrently with radiotherapy were less likely to complete the expected course of radiotherapy without interruptions. This association could be attributed to the toxic effects of the chemotherapeutic agents commonly administered for head and neck cancers. These agents include carboplatin, cisplatin, docetaxel, fluorouracil, and paclitaxel, 20 and common adverse effects are nausea, vomiting, mucositis, neutropenia, thrombocytopenia, neuropathy, and anemia. 21, 22 The resulting toxic effects of these agents may cause patients to take extended breaks between treatments. 10 In addition to our hypothesis that acute chemotherapyrelated comorbidity increases the odds of discontinuation of radiotherapy and/or gaps between treatments, we might expect that preexisting comorbidities could reduce the likelihood of completing planned therapy. Indeed, patients with oral and laryngeal tumors with a Charlson score of 2 or higher were significantly less likely to complete uninterrupted radiotherapy than patients with a Charlson score of 0, but we did not observe this association for patients with cancers of the nasal cavity, salivary gland, or pharynx. This could be attributable to our limited sample size for some sites or to site-specific differences in the effect of comorbidity on one's ability to complete radiotherapy. 
